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Figure S1: ZnO NPs size characterization,(a) by dynamic light scattering (DLS), (b) by
transmission electron microscopy (TEM) image analysis.
ZnO NPs size distribution was determined from two techniques, namely
dynamic light scattering (DLS) (Zetasizer Nano ZS, Malvern Panalytical)
(Figure S1a) and Transmission Electron Microscopy (TEM) (Titan G2 80-
300, Thermo Fisher Scientific) (Figure S1b). For the former, the ZnO NPs
were suspended in tetramethylammonium hydroxide (TMAH) at 5 wt/vol%
and presented hydrodynamic diameters 9.4 % to 37 % higher than the sup-
plier reported ( <50 nm by BET), which indicates aggregation of the ZnO
NPs. For the later, a 120 nm slice of the ZnO/PDMS nanocomposite sample
was obtained using a Focused Ion Beam technique (FIB) lift-out technique
(LYRA3, Tescan) [1]. The size distribution characterized by TEM fits a
negative binomial distribution of NB(3, 0.04) once more due to aggregation.
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Figure S2: Positive open circuit voltage output measurements at a force stimulus of 20 N
at 4 Hz for: (a) PDMS, (b) 2 wt.%, (c) 3.8 wt.%, (d) 5.7 wt.%, (e) 7.4 wt.%, (f) 9.1 wt.%
concentrations.
Figure S2, shows the positive open circuit voltage waveform measured for
the produced concentrations, the voltage was measured during continuous
excitation for 15 min 40 s. Voltage is shown for 40 s at 5, 10 and 15 min,
marks. PDMS sample (Figure S2a) shows no increase with the measured
time, 2 wt.% (Figure S2b) only shows an slight surge at 5 min, 3.8 wt.% (Fig-
ure S2c) and 5.7 wt.% (Figure S2d) show significant increase at first 5 min
and and slower increment thereon, 7.4 wt.% (Figure S2e) and 9.1 wt.% (Fig-
ure S2f) voltage grows during all the measurement time.
Voltage is shown for 40 s at 5, 10 and 15 min, marks. PDMS sample (Fig-
ure S2a) shows no increase with the measured time, 2 wt.% (Figure S2b) only
shows an slight surge at 5 min, 3.8 wt.% (Figure S2c) and 5.7 wt.% (Figure
S2d) show significant increase at first 5 min and and slower increment thereon,





Figure S3: Positive open circuit voltage output measurements at a force stimulus of 1.63 N
at 4 Hz for: (a) PDMS, (b) 2 wt.%, (c) 3.8 wt.%, (d) 5.7 wt.%, (e) 7.4 wt.%, (f) 9.1 wt.%
concentrations.
Figure S3, shows the positive open circuit voltage waveform measured for
the produced concentrations, the voltage was measured at an force stimulus
of 1.63 N, approximately 8 % of the maximum applied. Voltage measurements
show similar trends to results at 20 N showing an increase of voltage with the
concentrations up to 7.4 wt.% and then dropped. The measured voltage also
correspond to values from 30 % to 50 % of the values measured at 20 N.
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Figure S4: Voltage output waveform from the PTNG with 9.1 wt.% filler concentration










































Ref Active Materials Type of integration*
Ko et al. ZnO nanorods (45 nm / 360 nm)PDMS External
Hasan et al. ZnO Nanorods (105 nm / 700 nm)PDMS Internal
Yang et al. ZnO Nanorods (125 nm / 1.3 μm)Al-PDMS Composite Carbon External
Shin et al. Va dopped ZnO Nanosheets (10%wt.)PDMS Internal
Wang et al. Al dopped ZnO thin filmPDMS External
Karumuthil et al. 
ZnO Nanorods (40-100 nm, 20%wt.)
MW-CNT (0.5% wt.)
Exfoliated Graphite Oxide (0.5%wt.) 
PDMS
Internal
He et al. ZnO Nanoflakes (thickness <10 nm)PDMS Internal
Kim et al. 




This work ZnO-NP (50 nm, 7.4%wt.)PDMS Internal
Qian et al. 




* Internal: Nanomaterial is embedded in polymer matrix, External: Nanomaterial is placed over, under, or along polymer. 
Figure S5: Reported generated voltage for different ZnO/PDMS nanocomposites, within
the data the results of this work is highlighted. [2, 3, 4, 5, 6, 7, 8, 9, 10].
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Figure S6: Size analysis of aggregates in ZnO PDMS nanocomposite at: (a) 2 wt.%, (b)
3.8 wt.%, (c) 5.7 wt.%, (d) 7.4 wt.%, (e) 9.1 wt.% concentrations.
Figure S6 shows the size distribution and lognormal fitting of aggregates
for the different ZnO NP PDMS nanocomposites, an analysis was made us-
ing the particle analysis plugin on Fiji [11] set a color threshold filtering
brightness between 167 to 236 on HSB color space. Analyzed samples were
obtained by delamination of the nanocomposite from the copper substrate
and showed no visible blistering that could lead to improper contacts between




























Figure S7: Raman analysis of a ZnO/PDMS nanocomposite with 7.4 wt.% filler concentra-
tion, Image shows a optical microscopy image with the anlized region highlighted within
a green square, inset shows the raman spectra of the region.
Figure S7 shows the Raman analisis of a nanocomposite with 7.4 wt.%
filler concentration, the bands A1 and E1 are associated with polar modes.
According to the literature, these polar modes can be divided into transverse
and longitudinal components (A1(TO) and E1(TO)). In particular, for E2
mode, this consists of two low and high frequency phonon modes (low E2L












































































































Figure S8: XPS spectra of a nanocomposite with 7.4 wt.% of ZnO Nps: In (a) Survey at
top (Blue), bottom (red), and at 5 µm depth profile (black). High resolution for (b) C 1s,
(c) O 1s, and (d) Zn 2p.
Figure S8a presents the XPS spectra survey at different positions of the
nanocomposite; trends in red, blue, and black represent measurements per-
formed on the top and bottom electrodes, and a subsurface measurement at
5 µm depth profile carried out in-situ (Ar etching), respectively. The results
demonstrated no contamination in the sample. The high-resolution spectra
for C1s which could be consistently fitted by three Gaussian-Lorentzian con-
voluted bands centered at 284.4, 285.6 and 287.9 eV which can be assigned
to the C C, C O, and O C O bonds respectively [15], see
figure S8b. The peak at 531.2 eV corresponds to the O2 from the wurtzite
structure of the ZnO lattice, while the peak at 532.6 eV is attributed to the
O2 in the PDMS matrix (figure S8c). A depth profile is shown in Fig S8d.
The high spectral resolution of Zn 2p3/2 and 2p1/2 is detailed, showing the
presence of nanoparticles measured at the 5 µm of the surface embedded in
the polymer matrix of PDMS. The spectrum of ZnO nanoparticles deconvo-
luted into two components with peaks at 1017.6 eV and 1040.7 eV. matching
the peak positions for split spin orbitals Zn 2p1/2 and 2p3/2 with a spin sepa-
ration of 23.1 eV characteristic of value for the Zn2+ oxidation state [16]. The
peaks associated with Zn 2p3/2 and 2p1/2 are observed only at the 5 µm depth
profile, which indicates that there is a greater amount of ZnO nanoparticles
inside the film.
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Figure S9: TEM images of the 7.4 wt.% concentration nanocomposite, images show dif-
ferent NPs cluster aggregations with an without inter-particle separation
Figure S9 shows multiple ZnO NPs clusters from a 7.4 wt.% concentra-
tion nanocomposite sample, images shows diferent-sized isolated cluster ag-
gregation, Figure S9a shows isolated aggregation clusters with distances over
500 nm, while Figures S9b to S9f show clusters with aggregated particles














Figure S10: Nanocomposite compositional and structural analysis: (a) STEM bright-
field (BF) image and EDS element mapping of (b) Copper, (c) Zinc, (d) Silicon, and
(e) Oxygen for a nanocomposite with 7.4 wt.% of ZnO NPs. (f) Selected area electron
diffraction (SAED) pattern for a single ZnO NP
Figure S10 shows nanocomposite compositional and structural analysis
using STEM bright-field (BF) (figure S10a) and Energy-Dispersive X-ray
spectroscopy (EDX). Copper tape that has been used as a substrate was
detected on all the mapping area (figure S10b), Zinc on the NPs (figure S10c),
Silicon species on the PDMS area (figure S10d) and oxygen was detected on
all the sample (figure S10e). Surface chemistry of the nanocomposite was
investigated using XPS (figure S8). A monochromatic Al Kα emission (E
= 1486.6 eV) was used as the X-ray source in the XPS system; the analysis
chamber was kept at 10 × 10−10 mbar pressure and the binding energies were
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